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ABSTRACT 
Title: Factors Affecting Fuel Consumption in household cooking, in El-
Salam Locality- Southern Kordofan State - Sudan 
Student Name: Khatir Hammad Tibin Saeed 
The aim of this study is to determine factors affecting fuel consumption 
(choice and use of energy alternatives) in household cooking in El-Salam 
Locality as a contribution to solve problems regarding energy and forest 
resource management. The specific objectives were: a) to study 
socioeconomic factors related to type of fuel, fuel obtention and use; b) to 
study factors related to composition and level of consumption of household 
fuels; and c) to develop and estimate econometric models of household fuel 
consumption (consumption function); to specify factors affecting 
consumption. Data was collected using a social survey. Data was analyzed 
using descriptive statistics, ANOVA tests and regression analysis. The 
main results showed that the type of fuel used is related to the 
administration units location and degree of urbanization, type of house 
construction material and education level of head of household. Level of 
consumption of firewood was related to education level of the head of 
household, availability of alternative fuels, price of firewood and 
household size. Consumption level of charcoal was related to the price of 
charcoal, household size, household income and price of alternative fuel. 
LPG consumption was related to type of house construction material, 
education level, income and degree of urbanization. It is concluded that 
socioeconomic factors should be considered if sound energy planning is 
pursued. 
 vi
 
  ﻢﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴ
 
 اﻟﻤﺴﺘﺨﻠﺺ
 
  ﻓﻰ  ﻟﻠﻮﻗﻮدة ﻋﻠﻰ إﺳﺘﻬﻼك اﻻﺳﺮﺮةاﻟﻌﻮاﻣﻞ اﻟﻤﺆﺛ
  اﻟﺴﻮدان– وﻻﻳﺔ ﺟﻨﻮب آﺮدﻓﺎن - ﻤﺤﻠﻴﺔ اﻟﺴﻼم، ﺑﻰاﻟﻄﻬ
  ﺧﺎﻃﺮ ﺣﻤﺎد ﺗﺒﻦ ﺳﻌﻴﺪ: إﺳﻢ اﻟﻄﺎﻟﺐ
 
اﻷﺳﺮة ( إﺧﺘﻴﺎر وإﺳﺘﺨﺪام ﺑﺪاﺋﻞ اﻟﻄﺎﻗﺔ)هﺪف هﺬﻩ اﻟﺪراﺳﺔ هﻮﺗﺤﺪﻳﺪ اﻟﻌﻮاﻣﻞ اﻟﻤﺆﺛﺮة ﻋﻠﻰ إﺳﺘﻬﻼك 
ذﻟﻚ ﻟﻠﻤﺴﺎهﻤﺔ ﻓﻲ ﺣﻞ اﻟﻤﺸﺎآﻞ اﻟﺘﻰ ﺗﺘﻌﻠﻖ ﺑﺈدارة ﻣﻮرد اﻟﻄﺎﻗﺔ و . ﻮد ﻓﻲ اﻟﻄﻬﻮ ﺑﻤﺤﻠﻴﺔ اﻟﺴﻼمﻟﻠﻮﻗ
دراﺳﺔ اﻟﻌﻮاﻣﻞ اﻹﻗﺘﺼﺎدﻳﺔ واﻹﺟﺘﻤﺎﻋﻴﺔ وﻓﻘﺎ / آﻤﺎ أﻧﻬﺎ هﺪﻓﺖ ﺑﺼﻮرة ﺧﺎﺻﻪ إﻟﻰ أ . ﻣﻮرد اﻟﻐﺎﺑﺎت
دراﺳﺔ اﻟﻌﻮاﻣﻞ وﻓﻘﺎ ﻟﺘﺮآﻴﺒﺔ وﻣﺴﺘﻮى / ﻟﻨﻮع و ﻃﺮﻳﻘﺔ اﻟﺤﺼﻮل ﻋﻠﻰ اﻟﻮﻗﻮد و إﺳﺘﺨﺪاﻣﻪ ب 
( داﻟﺔ اﻹﺳﺘﻬﻼك)ﻋﻤﻞ ﻧﻤﺎذج ﻗﻴﺎس إﻗﺘﺼﺎدي ﻹﺳﺘﻬﻼك اﻷﺳﺮة ﻟﻠﻮﻗﻮد / ﺳﺘﻬﻼك اﻷﺳﺮﻩ ﻟﻠﻮﻗﻮد ج إ
ﺗﻢ ﺟﻤﻊ اﻟﺒﻴﺎﻧﺎت ﺑﺈﺳﺘﺨﺪام اﻟﻤﺴﺢ اﻹﺟﺘﻤﺎﻋﻰ وﺗﺤﻠﻴﻠﻬﺎ . ﻟﺘﺤﺪﻳﺪ اﻟﻌﻮاﻣﻞ اﻟﻤﺆﺛﺮﻩ ﻋﻠﻰ اﻹﺳﺘﻬﻼك
أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ اﻟﺮﺋﻴﺴﻴﺔ ﺑﺄن ﻧﻮع  .اﻹﻧﺤﺪار وﺗﺤﻠﻴﻞ AVONA ﺑﺎﻹﺣﺼﺎء اﻟﻮﺻﻔﻰ و إﺧﺘﺒﺎر
ﻟﻮﻗﻮد اﻟﻤﺴﺘﺨﺪم ﻳﺘﺄﺛﺮ ﺑﻤﻮﻗﻊ اﻟﻮﺣﺪات اﻹدارﻳﺔ، درﺟﺔ اﻟﺘﺤﻀﺮ، ﻧﻮع اﻟﻤﺎدة اﻟﻤﺴﺘﺨﺪﻣﺔ ﻓﻰ ﺑﻨﺎء ا
ﻣﺴﺘﻮي إﺳﺘﻬﻼك ﺣﻄﺐ اﻟﺤﺮﻳﻖ ﻳﺮﺗﺒﻂ ﺑﺎﻟﻤﺴﺘﻮي  .اﻟﻤﻨﺰل، واﻟﻤﺴﺘﻮي اﻟﺘﻌﻠﻴﻤﻲ ﻟﺮب اﻷﺳﺮة
ﻣﺴﺘﻮي اﺳﺘﻬﻼك . اﻟﺘﻌﻠﻴﻤﻲ ﻟﺮب اﻷﺳﺮة، ﺗﻮﻓﺮ اﻟﻮﻗﻮد اﻟﺒﺪﻳﻞ، ﺳﻌﺮ ﺣﻄﺐ اﻟﺤﺮﻳﻖ، وﺣﺠﻢ اﻷﺳﺮة
ﻣﺴﺘﻮى إﺳﺘﻬﻼك اﻟﻐﺎز  . اﻷﺳﺮة، وأﺳﻌﺎر اﻟﻮﻗﻮد اﻟﺒﺪﻳﻠﺔﺮﺗﺒﻂ ﺑﺴﻌﺮ اﻟﻔﺤﻢ، ﺣﺠﻢ اﻻﺳﺮة، دﺧﻞاﻟﻔﺤﻢ ﻳ
ﺧﻠﺼﺖ . ، اﻟﺪﺧﻞ ودرﺟﺔ اﻟﺘﺤﻀﺮﻰ ﺑﻨﺎء اﻟﻤﻨﺰل، اﻟﻤﺴﺘﻮي اﻟﺘﻌﻠﻴﻤﻲﻳﺮﺗﺒﻂ ﺑﻨﻮع اﻟﻤﺎدة اﻟﻤﺴﺘﺨﺪﻣﺔ ﻓ
ﻻﺑﺪ ﻣﻦ أﺧﺬ اﻟﻌﻮاﻣﻞ  اﻟﺪراﺳﺔ إﻟﻰ أﻧﻪ ﻟﻠﺤﺼﻮل ﻋﻠﻲ ﺗﺨﻄﻴﻂ ﺳﻠﻴﻢ وذو ﻣﻐﺰي ﻓﻲ ﻣﺠﺎل اﻟﻄﺎﻗﺔ
  .ﻗﺘﺼﺎدﻳﺔ واﻻﺟﺘﻤﺎﻋﻴﺔ ﻓﻲ اﻻﻋﺘﺒﺎراﻻ
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CHAPTER ONE 
INTRODUCTION 
 
1.1 BACKGROUND 
Forests play a profound role in rural livelihood in the developing world. 
This has important implication for conservation polices, because protected 
areas can impose significant human cost by excluding people 
(Shyamsunder & Krammer, 1996), or generate local benefits by reserving 
access to the resource through cooperative management (Pattanayak & 
Sills, 2001). 
 
Current trends in the field of energy indicate that biomass will continue to 
be an important source of energy for the foreseeable future.  This also 
applies to developed countries, notwithstanding their dynamic economic 
and social transitions.  It is estimated that daily fuel wood consumption in 
Africa is approximately 500,000 tons per day (World Health Organization, 
2000). 
 
Forest and savannah woodlands in Africa provide the majority of the 
household energy for cooking, household enterprise and other domestic 
uses such as space and water heating.  In Africa, over 90% of the 
population use fuel wood for cooking which is about three to four metric 
tones of wood equivalent per family per year.  It has been estimated that 
the area of forested woodland in Africa has been halved since 1900 and 
that the pace of deforestation and land degradation is actually increasing 
(U.S Agency, 1988). 
 
2 
 
Sudan is depending heavily on its forests and biomass resources for the 
satisfaction of energy requirements. In this respect, 80.5% of the Sudan 
energy consumption is derived from wood and biomass (66.9% wood fuel 
and 13.6% agricultural and animal residues), in comparison to 17.1% 
petroleum products and 2.4% hydro-electric power.  In 1999 Sudan’s 
energy consumption amounted to about 10 million tones of oil equivalent 
(TOE), (Ministry of Energy and Mining, 2001).  
 
The Sudan consumption of fuel wood was 7.5 million in the year 2004 
which resulted in clearance of 12.9 million feddan of forests per year.   In 
addition to other factors contributing to forest cover depletion are 
environmental degradation and desertification combined with the 
successive drought cycles that have stricken the Sudano-Sahilian countries 
since early 1970s (Ministry of Electricity, 2005).  
     
The energy balance indicates a serious gap between actual energy supply 
and consumption.  The losses mainly occur in the process of converting 
wood to charcoal. This means that forestry resources are highly exploited. 
Energy conservation plans are highly needed.   The sector-wise distribution 
of energy consumption shows as high household consumption as 90%, 
(Hassan, 1995). 
  
Fuel wood as a renewable energy in Sudan is not supplied in a sustainable 
manner, this led to serious environmental problems because of large-scale 
deforestation.  At the same time there are many other energy substitutes, 
such as kerosene and LPG, which are environmentally favored but have no 
significant contribution in country’s energy supply especially in rural areas.  
Ultimately the environmental crisis leads to the economic crisis manifested 
3 
 
in loss of social security and displacement from the affected areas, 
particularly Darfur and Kordofan, to the capital cities (Ministry of Energy 
and Mining, 2001). 
 
The policy actions for dealing with the higher cost and/or increasing 
scarcity of traditional household fuels in sub-Saharan Africa fall into three 
categories; conservation through changes in cooking technology and 
methods, increased supplies through investment in forestry or agro-forestry 
and to a much lesser extent biomass residues utilization and substitution. 
Substitutes are principality of modern fuel such as kerosene, (LPG), and 
electricity for traditional charcoal and fuel wood uses in rural and urban 
areas (Dennis & Robert, 1984). 
 
1.2 Justification and problem statement  
Fuelwood is a very important energy resource for a considerable part of the 
world population, especially in developing countries.  Collection of large 
scale and uncontrolled quantities of fuelwood often has a destructive 
impact on the fuelwood resources, particularly in poorly managed natural 
forests. Undervaluation of these fuelwood sources might lead to 
unsustainable management. Knowledge of fuel wood’s value and 
consumption are important. It prompts to the long-term conservation of 
forests and other fuel sources. 
 
Utilization of wood resources for energy purposes as well as destruction of 
biomass from agricultural clearing and other factors, is leading to a 
significant depletion of biomass stocks and significant negative 
environmental impacts (U.S Agency, 1988).  
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Previous studies and surveys of the energy consumption in Sudan focused 
on determining the quantities and types of fuel consumption in the 
household sector and other different sectors e.g. FNC (1995) and Abdel 
Salam (2001).  In other Countries, Kevin et al., (1990), used models to 
analyze residential energy consumption in Urban Java.   In most studies 
conducted in the Sudan, factors affecting household fuel consumption were 
not considered. These factors may include, for instance, income, family 
size, fuel prices, fuel availability, and cooking practices.  An exception 
may be Mekki (1984) who used a national data collected in 1982 by the 
National Energy Administration (NEA). He studied the effect of family 
size, income, educational level, degree of urbanization and geographical 
location on the consumption and quantities consumed in the rural and 
urban sectors. 
 
This study will therefore attempt to study the link between socioeconomic 
factors and fuel consumption patterns in the household sector.  This is 
expected to contribute to provide new information on the pattern and 
quantities consumed and how these can change if certain factors change. 
Eventually this is hoped to assist in formulating appropriate policies 
concerning energy management, especially forest resource management. 
 
1.3 Objectives of the study 
The overall objective of the study is to determine factors affecting 
household fuel consumption (choice and use of energy alternatives) as a 
contribution to solve problems regarding energy and forest resource 
management. This study is confined to fuel used in household cooking in 
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El-Salam Locality (South Kordofan State) as a case study.  The specific 
objectives are: 
1. To study socioeconomic factors related to type of fuel, fuel obtention 
and use.  
2. To study factors related to composition  and level of consumption of 
household fuels 
3. To develop and estimate econometric models of household fuel 
consumption (consumption function); to specify factors affecting 
consumption. 
 
1.4 Hypothesis formulation 
a) Type of fuel chosen by households, mode of fuel obtention and use 
are related to socioeconomic factors such as education, income and 
type of house. 
b) Composition and level of consumption of a particular fuel is variably 
influenced by a number of socioeconomic factors mainly household 
size, income, education level and fuel availability. 
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CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 Energy problem and attempts for solutions 
The energy problems of the developing world are both serious and 
widespread. Lack of access to sufficient and sustainable supplies of energy 
affects as much as 90% of the population of many developing countries. 
Some two billion people are without electricity; a similar number remain 
dependant on fuels such as animal dung, crop residues, wood, and charcoal 
to cook their daily meals.  Developing countries are facing two crucial and 
related problems in the energy sector.  The first is the widespread 
inefficient production and use of traditional energy sources, such as 
fuelwood and agricultural residues, which pose economic, environmental, 
and health threats.  The second is the highly uneven distribution and use of 
modern energy sources, such as electricity, petroleum products, and 
liquefied or compressed natural gas, which pose important issues of 
economic, equity, and quality of life (Douglas & Willem 1996). 
 
Energy is central to current concerns about human life and human 
development, because it affects economic and social development; 
economic growth; local and national regions and global environment.  It 
encompasses a host of social concern, including poverty, population, health 
and gender related issues; the balance of payments, and the prospects for 
peace. “Energy is not an end in itself, but rather a means to achieve the 
goals of sustainable development” (UNDP, 2002). 
 
The Sudan has experienced prolonged periods of energy shortage after the 
1973 fuel price boom; Callaghan (1985) attempted to outline the magnitude 
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of the energy crisis and the long term effects of energy polices on the 
already damaged environment and troubled economy.  He attempted to 
provide rational alternative solutions which can be economically, 
environmentally and socially acceptable. 
 
With increasing shortage and increasing population, households depended 
largely on wood-based sources to satisfy their needs of energy.  It was 
revealed that, of the 2000 million people, who depended on wood, 96 
million were already unable to satisfy their minimum energy needs for 
cooking and heating.  A further 1052 million people were in deficit 
situation and could meet their needs only by depending on wood reserves 
(FAO, 1985).  Whitney (1981) stated that the shortage of petrol implies that 
pollution problems from this source are diminishing, as people turn to 
wood and charcoal.  Nonetheless, the consequences of deforestation 
become more severe and also the loss of fertilizers when biomass is used as 
a substitute.  It has been estimated that household energy consumption is 
responsible for 92% of all deforestation in the Sudan, and therefore, largely 
responsible for the consequences of soil deterioration and lack of fodder 
(Whitney, 1981). 
 
The National Energy Plan (1985-2000) concluded that the Sudan is capable 
of slowing down the decline of its forests and the widespread use of wood 
and charcoal as a fuel and for other purposes.  It also concluded that there 
does not seem to be a way to stop Sudan’s steady increase in its cost. The 
best that could be achieved would be to slow down the pace of decline and 
intensify reforestation in the years to come. 
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Many Solutions to this were suggested: FAO, for instance, contributed to 
solve the problem by making determined efforts to improve fuelwood 
situation and to help developing countries mobilizing more of their forests 
biomass to provide energy and other goods and services to rural 
development (FAO, 1984). 
  
The Sudan Renewable Energy Project “SREP” began work on improved 
charcoal metal stoves in 1983.  Laboratory and field tests showed the stove 
to be 39% more efficient than the traditional metal stove.  This stove was 
acceptable in normal cooking practices beside it is cheaper and uses even 
small pieces of charcoal that used to be wasted (Ali & Huff, 1984).  
Eckholm (1984) argued that apart from using alternative forms of energy; 
depletion of forests can be avoided by planting trees. Foley (1984) pointed 
out that depletion of forestry resources could be avoided by introducing 
more efficient stoves, although earlier reports warned that nothing can be 
expected of the latter (Foley & Moss, 1983). 
   
2.2 Biomass fuels 
Biomass fuels consist of both woody and non-woody biomass. The first 
come from trees and shrubs, the latter from crop residues and other 
vegetation (Panya et al., 1990; FAO, 1997).  Biomass fuels have various 
utilizations at domestic and industrial sectors. The domestic sector is the 
main user of biomass fuels, primarily for cooking and space heating. 
Villagers also use biomass fuels to process agricultural product either for 
preservation or for conversion into tradable commodities (Khatun & 
Fahmida, 1998).  On the other hand, numerous countries rely on biomass 
fuels to process heat and drying of the final products. Many are small-scale 
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and based on traditional technology. These industries usually purchase the 
fuel (Piadozo, 1987). 
 
The current situation is not expected to change as long as the supply of bio-
fuel is secure and their price remains competitive with commercial fuels. 
The consumption of biomass fuels may even increase with growth in 
population. Bio-energy using industrial and other commercial activities is 
mainly found in rural areas, but also exists in townships and even 
metropolitan cities.  Densified bio-fuels are becoming more popular in 
urban centers where different forms of wood fuels have already been 
accepted as traded commodities (FAO, 1987; Dankers, 1992).  More 
recently, modern bio-energy has developed through adoption of 
technologies where cogeneration is gaining increasing acceptance. 
Efficient, mature and proven biomass-based energy conversion 
technologies are available in many countries.  Cogeneration of heat and 
power from residues in forest-based and agro-industries is being 
increasingly promoted by the private sector, mostly for own use. Utility 
companies in Western countries already supply electricity and heat from 
biomass to national grids and local communities (Leach, 1988). 
 
It is estimated that more than three fourth of the population in the 
developing countries depend on wood and other biomass fuels 
(International Labour Office, 1987).  The main use of wood energy by 
households is for cooking, for which several types of stoves are used.  
These stoves are self-made from local materials by households, installed by 
local stove builders or purchased on the market.  Locally available material 
that can be used for building stoves differs from area to area. While in 
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some areas only mud is available, in other areas even car wheels are used 
to make stoves.  Still many of these stoves are of poor quality and have 
shortcomings, People try to improve their stoves gradually but generally 
they lack the financial and technical means to achieve major improvements 
(Hulscher, 1998). 
 
2.3 Wood as source of biomass energy 
The forest source is one of many sources of wood fuel production. In recent 
years non-industrial plantations of different types have gained recognition 
as important source of wood fuel supply (Khatun & Fahmida, 1998).  In the 
countries of South-East Asia, forest sources contribute between 10% and 
50% of total national wood fuel supplies.  The share of non-forest wood 
fuels in total household level consumption in Indonesia is reported to be as 
high as 93%, and the share in total wood fuel supply in the Philippines as 
85% and 50% respectively.  Alternatively, wood fuels are obtained as lops 
and tops from forest harvesting ; as dead wood, fallen branches, twigs and 
dead stumps at site; as by-products of wood-based industries; as surplus 
non-commercial wood derived from land clearing; or as recovered wood 
from replacement or demolition of old structure and construction.  The 
latter are used mostly by the urban poor (Goodlet, 1989).  Agro residues 
are the other main sources of biomass fuels.  They are important for the 
domestic and the industrial sectors (Bently, 1994).  In Thailand, the energy 
balance shows that bagass and rice husk account respectively for 7.9% and 
1.6% of all energy used in the country in 1995.  In Indonesia it accounted 
for 7-8% in 1992. These amounts are basically consumed in the industrial 
sector (Soesastro & Sardjito, 1983).  Data for the domestic sector are often 
not available, but evidence indicates that biomass in the form of residues 
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plays an important role where wood as a source of energy is in short supply 
(Ellenbroek, 1988). 
 
Worldwide, more than two billion people cook using solid fuel; twigs, 
agricultural residues, dung, coal, etc. (WHO, 2004). The technology to 
burn these fuels (three stone fires or rudimentary stoves) results in poor 
combustion efficiency and high levels of indoor air pollution. Small 
particles of smoke are considered to be the most dangerous pollutant, and 
carbon monoxide is another known hazard (Practical Action, 2005).  
Traditional fuels account for 52% of the total 38.2 million tons of oil 
equivalent (MTOE) energy consumed in most of the countries of Asia, and 
as much as 86% of the household energy consumed comes from biomass 
fuels.  Some studies indicated that as little as 10% of the countries wood 
fuel supplies come from state forests, and have thus directed the attention 
of policy makers and planners to strengthening the population capabilities 
of private farming systems (Sardjito, 1983). In most of the rural areas in the 
Third World, wood fuel is the primary source of fuel for domestic cooking. 
In India, between 80 and 90 per cent of the total domestic fuel consumed in 
rural areas is made up of fuel wood (65%), agricultural wastes and animal 
dung (Natrajan, 1985).  However, wood continues to be the main domestic 
fuel in less endowed and household activities.  The second trend is that in 
some areas rural people are, instead of using modern fuels, stepping down 
the energy ladder to make use of straw, leaves and twigs. The use of 
inferior fuels for cooking by rural people may have implications for their 
quality of life.  Only rich farmers produce sufficient crop residues, while 
the poor have little access to fuel despite the fact that fuel wood shortages 
have both a regional and class dimension (Smiet, 1990). 
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2.4 Fuel wood consumption as cause of deforestation and degradation 
FAO defines deforestation as reduction in the crown cover to less than 10% 
and change in land cover from forest to any other uses (FAO, 1993). 
Deforestation and land-use conversion from forest to other land uses 
continues world-wide at different rates.  The rate of deforestation in the 
Sudan has been estimated as being almost 29 times higher than the rate of 
reforestation (Mohamed, 2005). 
 
The largest area of deforestation in East Africa region occurs in Sudan, 
where it is estimated to be one million hectare annually (FAO, 2000).  In 
Sudan the main cause of forest degradation is tree cutting for wood fuel 
which constitutes more than 70% of the total national energy.  The annual 
rate of Sudan population growth is 2.6%, the demand for biomass energy 
can be assumed to grow at about the present national consumption rate of 
0.71 cubic meter per capita, the present annual total consumption of wood 
was estimated at 15.8 million cubic meters.  This is equivalent to 
harvesting three million feddans of natural forest (one feddan produces 
5.22cubic meters of solid dry wood) (Hasab elrasoul, 1999). 
  
The World Bank 1986 estimated that 82% of the Sudan’s energy 
consumption was in the form of fuel wood (i.e. fire wood and charcoal 
together equivalent to 43 million cubic meter of round wood annually). 
  
2.5 Progress at regional and sub-regional levels of Africa  
Wood and other forms of biomass remain the primary sources of energy for 
the majority of households in Africa.  In fact, these sources dominate the 
energy systems in developing countries in general.  The belief that 
deforestation must necessarily lead to a fuel supply crisis coupled with 
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early findings that the efficiency of traditional open fires was very low, led 
to many stove and other conservation projects worldwide beginning in the 
mid- 1970s(U.S Agency, 1988). Like many other countries in Sub-Saharan 
Africa, Zimbabwe’s indigenous forest stocks supply fuelwood for 
commercial sale and domestic consumption.  The primary purpose of 
fuelwood collection is for cooking, in all rural areas and in many high-
density suburbs in urban centre’s (Campbell & Mangono, 1995). 
 
2.6 Fuelwood substitution  
 In addition to producing new biomass supplies, substitution of alternative 
fuels as a strategy may offer benefits complementary to new supply and 
conservation.  Substitution is influenced by a number of factors including 
relative fuel prices, income growth, urbanization, preferences in term of 
fuel quality and convenience, reliability and overall levels of fuel supply, 
and energy conversion equipment cost (U.S Agency, 1988). 
  
Fuel substitution as a household energy supply strategy in Africa is faced 
with a number of serious constrains.  Most importantly, there is 
considerable dispute concerning whether or not scarce foreign exchange 
should be allocated for the substitution of modern fuels (e.g., kerosene, 
LPG, and electricity) for traditional fuels. Such substitution would mean 
shifting development priorities and require significant changes in relative 
price levels to stimulate fuel switching. One study sponsored by the World 
Bank indicated that substitution from charcoal to kerosene would raise total 
petroleum demand by significant but varying amounts of up to 38% in the 
Africa countries reviewed.  Given the scarcity of foreign exchange in 
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African countries, any significant increase in petroleum import costs would 
be both difficult to justify and finance (U.S Agency, 1988). 
 
2.7 Advantages and constraints of fuelwood 
2.7.1 Advantages of fuelwood 
-  Economy: Wood and other types of biomass are widely used as fuels in 
the (private) domestic and industrial sectors, basically because they are 
cheaper. For fuel-importing countries, the use of local biomass can save 
substantial foreign exchange (Piadozo, 1987; Hyman, 1987). 
 
-  Rural income: The use of wood and some other forms of biomass energy 
generates at least 20 times more local employment within the national 
economy than any other form of energy, per unit.  A large amount of 
unskilled labor is engaged in growing, harvesting, processing, transporting 
and trading the fuels, regularly or off-season (FAO, 1990). 
  
-  Social: When harvests are inadequate for subsistence, the opportunity to 
generate income in wood fuel business provides a safety net for the people 
affected (Gesmundo, 1988). 
 
-  Efficiency: The application of biomass energy in modern technologies 
allows energy efficiency by combined heat and power generation. 
Applications of cogeneration help to further reduce losses in the 
transmission and distribution of power (Hyman, 1987; Gesmundo, 1988). 
 
-  Energy mix: Incorporation of biomass fuels in national energy supply 
policy improves the energy mix by increasing the diversity of energy 
sources. This helps to reduce vulnerability to market fluctuations and 
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stabilization of prices (Municipal and Provincial Development Office, 
1989). 
 
2.7.2 Constraints of fuelwood 
The main constraints associated with wood fuel are:  
-  Misconceptions: it is assumed that biomass energy is a traditional 
commodity, which will phase out in the near future. Such misconceptions 
hamper the development of sound energy polices (Natrajan, 1985). 
 
-  Data and planning: systematic data are still inadequate or unavailable for 
biomass energy planning and for developing specific energy policies for 
supply and demand (Ravindranath, 1995). 
 
-  Technologies: are at present in need to be improved towards best 
practice. Financial, institutional and legal issues have to be resolved to 
make the best use of available technologies (Veer, 1989). 
     
2.8 Wood energy supply and demand 
The overall consumption of wood energy is still growing in all Asian 
countries (Soesastro & Sardjito, 1983).  This raises serious questions about 
the future sustainability of the supply. In fact, in many areas scarcities of 
wood fuel are already pressing. Leaving options for demand side 
management apart, the short answer would to be grow more trees. 
Enhancement of supply is not at all an easy matter as long as wood fuels 
remain largely undervalued.  This necessitates understanding the varied 
resource base and the distribution patterns whereby wood fuels reach the 
users (Munslow, 1988).  Many different strategies have been developed to 
optimize wood fuel supplies amongst other products. Some strategies have 
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proved disappointing and others have failed miserably when they lacked 
popular participation (Mercer, 1991). 
 
Some countries are rich in commercial energy sources and in non-
commercial energy sources, but it is difficult to estimate the real situation 
regarding biomass energy supplies.  A more serious difficulty is that only a 
fraction of total fuel wood supplied is known. Some surveys of wood 
energy indicate a national decrease in recorded wood energy supplies from 
forest lands. Hall (1995) emphasized that the use and demand for wood 
energy are difficult to estimate with precision, but household demand 
probably exceeds that of other sectors. 
 
2.9 Relationship between poverty and fuelwood 
It should be noted that domestic fuel use  have impacts on health that goes 
beyond indoor air pollution and affects the household economy, women’s 
time and activities, gender roles and relations, safety hygiene, as well as the 
local and global environment. In some settings, poor families expend more 
than 20% of disposable household income to purchase bio-fuels, or devote 
more than 25% of total household labor to wood collection (WHO, 2000). 
 
In rural areas, improvements in income have brought little change in the 
ratio of bought to gathered fuel wood and dung cakes being used. Even 
with possible further improvement in the poverty situation, it is likely that 
many rural people will still prefer to use their time and energy to collect 
fuel for free rather than purchase it from the market (Piadozo, 1987).  The 
poor, instead of switching up the energy ladder to modern fuels, are 
moving down it to inferior fuels like straw, leaves and twigs (Soesastro & 
Sardjito, 1983). Being a private resource, the poor have little access to 
17 
 
modern fuels. Moreover, supplies of LPG are not sufficient to meet even 
urban demand, so LPG is not easily available to villagers, Since firewood is 
obtained practically free of cost, there is no inducement for rural people to 
shift. Thus their dependence on fuel wood is likely to continue (National 
Statistics Coordination board, 1989).  Fuel wood prices increased fast 
between 1970 and 1985, but have since stabilized. However, the rise in fuel 
wood prices was slightly less than the rise in the wholesale price index 
(WPI), indicating that the poor have greater access to shrubs (Municipal 
and Provincial Development Office, 1989). 
 
2.10 Biomass energy and policies  
Wood energy policy development requires proper institutions.  This 
includes the recognition of the importance of wood energy by high-level 
decision- makers, the development and enhancement of energy planning 
bodies, and the strengthening of local institutions for implementation wood 
energy programs.  Training of energy and forestry staff on wood energy 
plays an important role.  Policies can only be effective when they are based 
on real needs of wood fuel actors, so they should be involved in policy 
development and implementation. Wood policies also should provide the 
framework for private sector initiatives. For this purpose the policies need 
to be transparent, specific, and consistent (Gol, 1991).  Policy development 
needs to be supported by planning.  At present, wood energy is not 
sufficiently incorporated in planning activities of energy and forestry 
planning institutions.  The expertise and responsibilities of these 
institutions need to be enhanced with regards to wood energy, preferably 
by setting up special wood energy units, similar to units for coal, oil and 
electricity.  Such a unit would be responsible for analyzing wood energy 
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situations and trends and for preparing proper interventions and policies in 
relation with other development goals (FAO, 1995). 
 
Cooking energy constitutes about 85 percent of rural energy demand and 
has traditionally been met by biomass (Hurst, 1990).  Energy plantations 
using appropriate fast-growing tree species have also been established on 
marginal land to provide fuelwood for use in efficient cook stoves and 
biomass gasifies (Soesastro & Sardjito, 1983). Government policies can 
support the good use of biomass energy, including energy from wood 
(Piadozo, 1987; Municipal and Provincial Development Office, 1989).  In 
some countries, energy from biomass represents about 40% of total energy 
consumption. Main applications are in the domestic sector and small-scale 
industries (Panya et al., 1990). Managed properly, biomass energy can be 
sustainable, environmentally benevolent and economically sound, beside 
creation of substantial local employment (Smiet, 1990). 
 
The use of conventional energy has increased enormously in the last 25 
years.  Despite this growth, the share of biomass energy in total energy 
consumption has been decreasing for most countries, which often leads to 
the misconception that it is being substituted by modern energy and 
phasing out. In reality, conventional energy is mostly used for new 
applications such as new industries, transport and household electricity, 
whereas wood and other biomass continue to dominate in domestic 
activities (smiet, 1990; FAO, 1995). 
 
2.11 Household fuel consumption 
Energy studies have shown that household fuel wood consumption 
accounts for 14% of the total energy consumption.  The users of wood fuels 
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are an array of small-scale industries and households that have never been 
accurately quantified, the true percentage of energy derived from fuel wood 
survey conducted in 1982-1983 to determine energy consumption patterns 
of rural households is 5,479 thousand TOE per year.  Eighty-eight percent 
of total consumption comes from fuel wood, charcoal and other traditional 
fuels (Bensel, 1993). 
 
Cooking is the predominant use for fuel wood and charcoal.  In Philippine 
estimates of the percentage of household energy used for cooking range 
from 50 percent to 80 percent (Ellenbroek, 1988) and 93 percent 
households also use charcoal for ironing clothes and both fuel wood and 
charcoal for heating water and the amount of fuels used increases with 
income (Bawagan, 1989; Hall, 1995). However, patterns of household 
energy consumption are site-specific.  They are dependent on the type of 
area, availability of resources and alternative fuels, climate, and they can 
vary by season. The main observations made (Ellenbroek, 1988) were that 
most of wood fuels are used for cooking, while water heating and space 
heating are other important applications. 
 
A relation exists between household size and level of consumption. 
In rural areas, most wood fuels are collected free, so consumption patterns 
are hardly affected by income levels. 
 
Fuel switching from wood fuels can occur. Rising incomes can lead to 
increasing wood fuel consumption, but high-income urban households may 
switch to conventional fuels when these are available. 
 
20 
 
In Sudan the household sector consumes about 60% of total energy 
consumption. This shows a negative economic indicator, where energy is 
mainly consumed in non-productive end use. Household energy 
consumption is mainly in terms of biomass energy, and mainly used for 
cooking purposes. Charcoal is the main cooking fuel for urban households, 
while firewood is the main cooking fuel for rural households.  The national 
per capita consumption of firewood is 0.273 ton, while the consumption of 
charcoal per capita is 0.0667 ton. Agricultural residues constitute a 
considerable share, more than 12%, of total household energy (Ministry of 
Electricity, 2004). 
 
Several tree planting programs that aimed to increase wood fuel supply has 
failed because not enough attention was paid to gender roles and needs. 
Women are usually the ones responsible for tree planting and they are not 
always enthusiastic about growing trees. In household activities, women 
are often responsible for gathering fuel wood, and they do the cooking. 
Planting and taking care of the trees means extra workload for which they 
may not have time. When women do plant trees, the wood may not be 
available for fuel wood. Also in the choice of tree species gender plays a 
role, because women generally prefer trees that provide them with fuel 
wood. This means that in wood energy, gender aspects play an important 
role (FAO, 1995). 
 
Generally, women are resp 
onsible for in-house activities such as raising children and preparing food, 
which includes fuel wood gathering, and men hold control over resources 
such as land and money. Women also work more hours per day than men 
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do.  Consequently, men’s wishes for improvements related to wood energy 
do not always correspond with needs of women, who are the actual wood 
fuel users.  Therefore, when developing and implementing wood energy 
projects and polices, the role and needs of men and women should be 
properly acknowledged (FAO, 1997).   The difference in responsibilities of 
men and women means also that women suffer more from health impacts 
of wood energy use and production.  Mostly women and small children are 
exposed to these for many hours per day, which can lead to respiratory 
diseases.  Other major health hazards related to wood energy are fires in 
kitchens, poor ergonomics of cook stoves, and severe backache due to 
carrying heavy loads of fuel wood. Again, mostly women are affected 
(FAO, 1997). 
 
2.12 Liquefied petroleum gas 
By delivering cleaner, modern fuel in the form of LPG, and creating 
sustainable markets for its consumption and use, the LPG rural energy 
challenge provides rural communities with the means to generate a wide 
range of consumptive and productive services in order to deliver vastly 
improved living conditions.  LPG is portable, clean, safe and extremely 
efficient in generating heat.  LPG is major step up on the energy ladder and 
presents an excellent option for delivering energy services in rural areas 
where few viable alternatives exist.  These characteristics demonstrate 
value to households by providing more efficient and cleaner fuel which 
contributes to a better quality of household life (WSSD, 2002). 
 
An important premise of the LPG is that LPG is a resource which generates 
multiple productive services extending well beyond the household, 
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providing the means by which to improve community life, and sanitation 
and also to develop micro-economies and generate income at the 
community level.  Access to LPG in rural communities extends to the 
creation and/or modernization of small commercial and manufacturing 
enterprises. To achieve this LPG must be affordable, accessible, safe and 
reliable, in the local marketplace.  The importance of LPG is numerous and 
can be summarized in: 1. Enables rural communities to have access to 
modern convenience when and where costly, grid-based energy services 
are unavailable.  2. LPG can be stored, easily transported and used virtually 
anywhere from downtown urban areas to remote area. 
 
3. Elevates household living conditions and delivers an immediate 
opportunity for women and girls to be more actively engaged in the social 
and economic fabric of the community outside the household.  4. The 
availability of this multi-purpose fuel presents significant opportunities for 
extending energy services into the community and for generating value-
added commercial and industrial applications.  5. LPG burns cleanly 
without smoke or residual particulate matter and with relatively low 
pollutant emissions.  6. LPG may not be a zero-greenhouse gas (GHG) 
fuel; however, it can make immediate contributions to delivering real GHG 
reduction.  7. LPG contributes to improve living standards for rural 
communities (UNDP, undated). 
 
2.13 Improved stoves 
Improved cook stoves programs can help to bridge the gab of fuel scarcity. 
They do not require a lot of money, but they need a long-term commitment 
of donor and implementing organizations.  Governments, NGOS and 
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donors can provides stove makers with technical and managerial assistance 
in stove making.  They can also contribute by promoting stoves in publicity 
campaigns. The ultimate goal of stove program should be to reach self-
sustainability of the production and distribution of improved cook stoves 
(FAO, 1993). 
 
Improved cook stove programs can fail or succeed depending on several 
factors.  It has a higher chance of success in areas where people already 
buy both the stove and the fuel, so they have an incentive to save on fuel 
use and they are willing to pay for a better stove. Also when timesaving is 
considered valuable or smoke is a problem for users, adoption of improved 
stove is easier.  In stove design and production several factors play a role. 
Stoves should be designed according to user preferences; they should be 
designed with assistance from local artisans, and should perform the same 
functions as the ones used traditionally. In the design, several factors 
(social, technical, economic and environmental) have to be considered.  
Also the fuels that are used play an important role, because different stoves 
are needed for wood, charcoal and loose residues. Stoves should be 
produced by local manufactures, preferably with minimal or no subsidy. 
Also the subsidy for the stove purchase should be minimal, because 
generally people don’t value things that are given for free (FAO, 1993). 
  
Experience with improved stove in Sudan started in 1980 when the Faculty 
of Engineering of the University of Khartoum, worked jointly with Ahfad 
University College for designing an improved stove. The stove was made 
of scrap metal and it utilizes fines {Duga} in addition to charcoal in the 
ratio of 2:1. It is known as El Duga stove.  According to laboratory tests, 
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the efficiency was found to be 24.5-25.2% (Ali & Huff, 1984). However, 
due to the escalating prices of sheet metal, the cost of the stove increased.  
It was soon found that this high cost prevented its acceptance by the 
majority of the population who rely on charcoal for their domestic fuel 
needs. Subsequently CARE Sudan introduced an alternative improved 
charcoal stove based on the Kenyan Jiko design, which was composed of a 
metal casing and fired –clay liner. The rim of the metal case is provided 
with three pot supports. This was the original “El Serour” charcoal stove. 
To reduce fuel consumption, the design has been improved by the 
FAO/FNC fuelwood development project. The metal pot supports have 
been removed and gas outlet channels have been incorporated into the rim 
of the clay liner to reduce the large gap between the rim of the stove and 
the bottom of the cooking pot.  In all clay version stoves based on the Thai-
bucket design had been jointly promoted by CARE Sudan and FAO energy 
project of the forestry Administration.  The efficiency of the stove was 
estimated as 36.9% according to industrial research consultancy centre in 
1986 (FAO, 1993). 
   
Consumption of petroleum products by the household sector showed 
considerable increase during the last few years due to availability of local 
production and government policy.  Kerosene/Gas oil is mainly used for 
lighting purposes, while LPG is mainly used for cooking in urban areas and 
to some extend for lighting, when electricity service is absent.  However, 
LPG is only available in areas where its infrastructure, refilling depot, is 
developed.  Although the household sector consumes more than 50% of 
total generated power, only around 20% of the populations enjoy that 
service. The National electricity grid only covers central parts of the 
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country. Other regional towns are supplied with isolated generation units, 
while the rest of the rural areas of the country remain out of electricity 
services.  The vast area of the country, five times the area of France, and 
scattered rural villages make investment in power infrastructure prohibitive 
(MOE, 2004). 
   
Fuelwood consumption for the household sector forecasting was based on 
the assumption that household consumption is related to the size of the 
families and to the level of urbanization.  As effect of the urbanization the 
per capita household consumption decreased but the cumulative 
consumption increased as a result of the growing number of households 
(Ministry of Council of Ministers, 1993). 
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CHAPTER THREE 
MATERIAL AND METHODS 
 
3.1 Study area 
3.1.1 Location 
The study area is located in the Southern Kordofan State (latitudes 10ο- 13ο 
N and longitudes 29ο- 33ο E), with an area of 191,696 km2.  The state is 
dominated by the Nuba mountains series as the main geographical feature.  
Administratively the state is divided into eight localities namely, El-Salam, 
Abyei, Lagawa, Kadogli, El-Dilling, Taloudi, Abu-Gubeiha, and Rashad. 
 
El-Salam Locality is located in the North-East part of the State. The 
Locality lies between latitudes 11ο, 50- - 11ο, 00- N and longitudes 27ο, 30- - 
28ο, 35- E, with an area of 10930 km2.  This Locality shares borders with 
North Kordofan State to the north, South Darfur State to the west, Kailak 
locality to the east, Abyei Locality to the south, and Lagawa Locality to the 
north-east.  The Locality is administratively divided into four 
administration units namely, El-Fula, Kejaira, Babanosa and El-Teboon. 
(Figure 3.1). 
  
3.1.2 Climate 
The climate of the area is a dry savannah type to the north and high rainfall 
savanna type to the south-east. It is characterized by low temperature 
during winter (November- March) averaging 20OC and high temperature 
during summer (April- June) averaging 35 OC (Elsamani,  
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Figure 3.1. Map of the study area (El-Salam Locality)  
 
1986).   Annual rainfall is 100-250 mm in the northern parts and 250-450 
mm in the middle parts, and more than 650 mm in the Southern parts.  The 
fall period extents from June to October (Table 3.1).   Most of rains are in 
the form of showers or thunderstorms.  Rainfall is controlled by the 
movement of the boundary between dry northerly winds and moist 
southerly winds (SMD, 2007). 
 
Table 3.1. Mean annual rainfall, temperature and relative humidity in El-Salam 
Locality during the period 1998–2007 
relative humidity % rainfall (mm) mean temperature°C month 
25 0 31 January 
18 0 33 February 
11 1.2 35 March 
11 5.2 38 April 
57 52.8 36 May 
62 75.3 33 June 
76 126 30 July 
83 187.9 29 August 
75 140.3 31 September 
61 86.6 33 October 
28 1.5 33 November 
25 0 31 December 
 676.8  Total 
44.3 56.4 32.8 Mean 
       Source: Babanosa metrological station 
  
3.1.3 Geology and soils 
The geology of the area is characterized by basement complex formations, 
which are the oldest and most extensively found. In the eastern parts, the 
Nubian sandstone overlies the basement complex in the majority of the 
area (WSARP, 1982). The area is also characterized by many small 
isolated steep sided hills or small groups of hills which form the Nuba 
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Mountains (Sudan Almanakh, 1967).   Rich mineral deposits such as 
cooper, gold, graphite and uranium are dominant (Elsamani, 1986). 
 
Detritus shallow soils prevail on top and slopes of the hills. However, the 
plains are dominated by alluvial or clay deposits, mainly along seasonal 
stream Khors or Wadies and vallies. Light and cracking clays, which are 
reasonably fertile, characterize the traditional areas. In the south and south-
west parts the area is characterized by sandy, mixed gardod, goraba, 
hamaraya, and hadab and clay flooded sedimentary soils (Ministry of 
Agriculture, 2004). 
 
3.1.4 Vegetation   
 In the northern dry region, vegetation cover is dominated by poor thorny 
savanna type tree associations with Acacia senegal, and Acacia mellifera as 
dominant species on sandy soils. On the southern moist parts of the state, 
rich savanna type vegetation dominate with Balanities aegyptiaca and 
Acacia seyal, Dalbergia melanoxylon as the most dominant associations on 
the cracking clay soils. At high altitudes, at the top of the plateau and on 
the slopes, Boswellia papyrifera, Commiphora africana, Sterculia setigra, 
and Sclerocarya. birrea are the most dominant species.  The species occur 
naturally either in pure stands or in association with other species. The 
most dominant associated tree species are: Anogeissus leiocarpus, Albizia 
amara, Terminalia laxiflora, Lannea fruticosa, Sterculia setigera, Acacia 
seyal, Boswellia papyrifera, Combretum cordofanum, Terminalia brownii, 
Acacia mellifera, Dichrostachys cinerea, Acacia gerrardii, Acacia 
nilotaca, Calatropis procera, Prosopis africana. The under-story 
vegetation is composed of Aristida mutabilis, Cymbopogon nervatus, 
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Cenchrus biflorus, Commelina amplexicaulis and others, which secure 
good grazing resource for domestic and wild animals (Ali, 2005). 
3.1.5 Population and land-use 
The total population in the study area according to 1993 census was about 
185,562 capita distributed in the four administration units, with about 93 
villages and blocks (Ministry of Council of Ministers, 1993). 
 
In the eastern and south-east parts of the state, the various Nuba people 
make up some 90% of the population of the area and the other 10% are 
Baggara (cattle herders) who are mainly Arabs (Sanjack, 2000). However, 
in the western and northern-west parts, Baggara people (Messerya humur 
and zurug) make up most of the population of the area. The rest are 
Bedaireya, Bargo, Barti, Hamar, Manasra, Maalia, and few tribes from 
north and west Sudan.   
 
The population practices a range of productive activities including animal 
husbandry, hunting, foraging, and trading. However, agriculture is the 
mainstay of the economy. The main food crops are sorghum, millet and 
maize, while cash crops are sesame, groundnut, gum arabic, hibiscus 
sabdarifa (carcady), and horticultural products. Animal production systems 
are traditionally nomadic or village based.  Forestry activities are widely 
practiced mainly for supply of fuel wood and construction materials for 
local and commercial consumption (El-Salam locality office, 2005).   
 
3.2 Method of data collection  
Primary data was collected using a social survey. The total size of the 
sample was 382 calculated using the method of population proportional to 
size as described by Elrofaei (1999). 
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 23 villages/blocks out of 93 were randomly selected in El-Salam Locality 
(representing 25% of the total number of villages and blocks) to represent 
the study area. 
 
Selection of the villages/blocks started by dividing each administration unit 
into 4 more or less equal parts.  The number of villages selected from each 
part depended on the distribution of the villages. Within each village/block, 
a number of respondents were selected from a list provided by local 
authorities.  
 
The size of the sample in each village was determined in proportion to the 
population size of the village relative to the other selected villages.  
 
The survey was carried out by directly interviewing respondents.  Two 
types of interviewing took place, the first one regarding the general 
information about the village such as its size, social services, economic 
activities and production (both crops and animals).  This type of 
interviewing was held in a group discussion with the leader of the village 
(sheikhs) in the presence of other villagers, mostly the leaders and the 
elders in each village.  
 
The second type was carried out at the household level by face-to-face 
interviewing with the head of household or one of his/her relatives if he/she 
is absent. Structural questionnaire was used in this type to collect 
information about household characteristics and fuels used by such 
households. The construction of the questionnaire was made according to 
the guidance of FAO (1985). The suggestions of the supervisor as well as 
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ideas of other experts in the field of study helped to reach the final format 
of the questionnaire. 
  
The formulation of the questionnaire was followed by a pre-test step. The 
purpose of the pre-test was to make sure that the questionnaire would 
deliver reliable and valid data (Appendix 1). 
 
Prior to the start of data collection after reaching each village, the first step 
was to approach the leader of the village (the sheikh) and explain the 
purpose of the visit and the importance of the study.  Afterwards, 
requesting a permission to conduct the survey among the villagers was 
requested. This permission is certainly recommended in rural areas where 
the residents are more suspicious to outsiders. This permission was taken 
from the village leader who is also asked to convince the local respondents 
to co-operate in conducting the research. 
 
3.3 Manipulation of data 
Information on fuel quantities given by respondents was given in variable 
units. During the survey firewood and charcoal quantities were weighed in 
Kg. Average quantities in local units were calculated as follows:  A car 
driven by a donkey and a horse carrying 10, 13 bundles of firewood, on 
average was found to equal 0.75, 1.25 cubic meters, respectively. A head, 
koam, donkey bundles equal 7kg, 12kg and 25kg respectively. An average 
charcoal sack (32kg) fills 26 plastic bags (36×24×8 centimeter) each 
weighing 1.6 kg.   All quantities of fuel were calculated then converted into 
TOE. 
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3.4 Method of analysis 
The analytical techniques employed in the study include descriptive 
statistics to present type of fuel, availability, obtention and use, the 
economic and social data including mean, standard deviation, percentages, 
distribution and cross tabulation. 
Comparison of fuel quantities was done using ANOVA tests. Regression 
analysis was used to estimate consumption functions for fuels mostly used 
by the households. 
 
The standard model of fuel consumption can be written as follows: 
Qij = f (Yi, Ni, Pij, Pik, Aij, Aik) 
Where: 
Qij= the energy content of fuel j used by household i this equation is 
estimated separately for each fuel and each major end-use, such as cooking 
in our case. 
Yi= household income for household i. 
Ni= family size of household i. 
Pij= the price of fuel j facing household i. 
Pik= the price of competing fuel k (k=1, 2……n) facing household i. 
Aij= appliance prices facing household i for fuel j. 
Aik= appliance prices facing household i for appliance for fuel (k= 1, 
2…..n). 
For the purpose of our study, a modified model will be used, where 
appliance price factors (Aij, Aik) were removed from the model as they do 
not vary much in a given area. Instead, a variable indicating fuel 
availability and a vector representing social characteristics was used. 
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The modified model used in this study is (Kevin. et. al 1990). 
Qij = f (Yi, Ni, Pij, Pik, Hi, A, B) 
Where: 
 Qij= the energy content of fuel j used by household i,  
 Yi= household income for household i. 
 Ni= family size for household i. 
 Pij= the price of fuel j facing household i. 
 Pik= the price of competing fuel k (k=1, 2……n) facing household i. 
 K (k= 1, 2…..n)  
 Hi= cooking practices for household i. 
 A= availability of fuel I (measured in distance from household) 
 B= vector of social characteristics of household i. 
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CHAPTER FOUR 
RESULTS 
 
4.1 Socioeconomic characteristics related to energy consumption 
The distribution of the respondents between urban and rural areas appeared 
to be almost equal (urban 51.3% while rural 48.7%). However, cross 
tabulation with administration units reveals that all respondents in 
Babanosa are urban while all respondents in Kejaira and El- Teboon are 
rural. On the other hand most respondents from El- Fula are urban (79.4%).   
  
Households in Sudan have normally shared living quarters and usually eat 
together. Many households are characterized by having large extended 
families. In the study area the average household size is estimated as 7.3 
(S.D ± 3.4) capita per family while the average age of head of household 
was 43 years (S.D ± 12.7). Number of male adults was similar to that of 
female adults, 1.78(S.D ± 1.2) and 1.81 (S.D ± 1.2), respectively. Mean 
female children in the household is 2.2 (S.D ± 1.5) and male children 
2.5(S.D ± 1.3). Total household income ranges between zero and 36 
thousand SDG/year. The mean income is about 5000 SDG/year (S.D ± 4.7) 
(Figure 4.1). 
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Figure 4.1. Distribution of household total income in El Salam locality 
 
Heads of households vary as regard to their level of education. While about 
30% have attended basic level schools, 22% have high school education 
and 13% Quranic School (khalwa). About 10% have attended universities 
and only 1% has studied for higher degrees. Illiteracy represents about 26% 
of the population (Figure 4.2). This may indicates inadequacy of schools in 
the study area or inadequate concern towards education. However our 
concern here is whether this affects fuel consumption patterns.  
 
Cross tabulating administration units and education level of head of 
household within the Locality, reveals that illiteracy is highest in Kejaira 
(45.2%), followed by El-Fula (21.6%), and then El-Teboon (20%), and is 
least in Babanosa (12.2%) (Figure 4.3). 
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Figure 4.2. Education levels of the head of household in El-Salam Locality   
 
 
Figure 4.3. Frequency of heads of households with different education levels 
grouped by administrative units in El Salam Locality 
 
This follows, more or less, the degree of urbanization discussed above. 
Moreover, the level of education of head of household is significantly 
related to mean household income. Figure 4.4 shows this relation where 
universities fall in the highest income group, basic and high school 
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graduates fall in the second income group (statically fall in the same 
income group) while those of no education, khalwa , and postgraduate 
education level form the third income group at the bottom of the income 
scale. 
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Figure 4.4. Mean household income at different education levels in El Salam 
locality 
 
In Sudan in general and in the rural areas in particular, agriculture presents, 
besides animal rearing, the main source of income. In the study area 35.9% 
of the heads of households rely on agricultural activities as a main source 
of income. Private business, government employees, hired-out labor, and 
Pastoralist, represent 29.8%, 23%, 10.2% and 1% respectively (Figure 
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4.5). Pastoralists present a low percentage, because part of respondents 
raises cattles near their houses but do not consider this as an occupation. 
 
 
Figure 4.5. Source of income of head of house old El-Salam Locality 
 
Most of the respondents (84.8%), owned their houses, while the rest are 
distributed between rented (6.8%), government houses (5%), gift (2.4%), 
and respondents owning temporary houses (1%) (Figure 4.6). However, 
owning a house may not necessarily mean that land on which the house 
stands is owned. The fact that most of the respondents owned their houses 
may be because land is owned by the community and managed by the local 
administration or/and sheikhs and Ommdas. 
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Figure 4.6. House ownership in El Salam Locality 
 
Respondents construct their houses using different types of material. In fact 
in the same house one may find a room made of straw while others are 
made of red bricks or other material. Figure 4.7 shows that most of the 
rooms in the houses  (52.6%) are made of Straw, 14.9% made of red bricks,  
11.5% made of mud and the rest vary from mud and straw, red bricks and 
straw, red bricks and mud, plastic Kheema, straw and plastic Kheema and 
blocks. 
  
4.2 Types and purpose of energy use 
Firewood is used by most households for energy (92.1%). The purpose for 
which it is used varies. Among those who use firewood, 60% use it for 
cooking only. About 84.9% use it for cooking, heating and/or lighting. 
Firewood is used for Dukhan by only 1.4% of firewood users (Table4.1). 
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Figure 4.7. Frequency of respondents using different types of material in house 
building in El Slam locality 
 
Charcoal is used by 90.1% of households of which 73% use it for ironing 
and cooking at the same time. In cumulative terms 98.8% used charcoal for 
ironing, cooking or both (Table 4.2).  Electricity is used by 48.4% of the 
households in the locality. Of those who use it over 88% use it for lighting, 
5.9% use it for both ironing and lighting, 1.1 percent use it for cooking 
(Table 4.3). Kerosene is used by 12.6% of respondents. While 98% of 
kerosene users use it for lighting, 2% use it for cooking. Gasoil is used by 
61% of households all for lighting. LPG used by 23.4% of locality 
households, all in cooking. 
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Table 4.1. Frequency of households using firewood for different purposes in El 
Salam Locality 
Purpose Frequency Percent Valid Percent 
Cumulative 
Percent 
cooking 212 55.5 60.2 60.2 
cooking and heating 62 16.2 17.6 77.8 
heating and lighting 25 6.5 7.1 84.9 
cooking and fumigation 21 5.5 6.0 90.9 
cooking and dukhan 10 2.6 2.8 93.8 
dukhan 5 1.3 1.4 95.2 
cooking ,heating and trading 5 1.3 1.4 96.6 
heating and lighting and fumigation 4 1.0 1.1 97.7 
cooking and trading 4 1.0 1.1 98.9 
cooking ,heating, lighting and 
fumigation 2 .5 .6 99.4 
heating and lighting 1 .3 .3 99.7 
cooking and lighting 1 .3 .3 100.0 
Total 352 92.1 100.0  
Missing               firewood non user 30 7.9   
Total 382 100.0   
 
Table 4.2. Frequency of households using charcoal for different purposes in El 
Salam Locality 
use Frequency Percent Valid Percent 
Cumulative 
Percent 
ironing and cooking 251 65.7 73.0 73.0 
cooking 55 14.4 16.0 89.0 
Ironing 34 8.9 9.9 98.8 
cooking and trading 2 .5 .6 99.4 
Ironing trading and cooking 2 .5 .6 100.0 
 Total 344 90.1 100.0   
Missing     not  used by household 38 9.9     
Total 382 100.0     
 
Table 4.3. Frequency of households using electricity for different purposes in El 
Salam Locality 
use Frequency Percent Valid Percent Cumulative Percent 
Lighting 163 42.7 88.1 88.1 
Ironing and Lighting 11 2.9 5.9 94.1 
Ironing 9 2.4 4.9 98.9 
cooking and lightning 2 .5 1.1 100.0 
Total 185 48.4 100.0   
Missing  electricity not 
used by the household 197 51.6     
Total 382 100.0     
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4.3 Household fuel obtention 
Of  respondents using firewood, 49.6% purchase it, 44.4% collect it free of 
charge while the rest both buy and collect (Table 4.4). In Babanosa 
firewood is mostly purchased than collected; as it is the most urbanized 
unit, while it is mostly collected in Kejaira as it is the least urbanized unit 
(Figure 4.8). 
 
Table 4.4. Frequency of households collecting and purchasing firewood in El 
Salam Locality 
Method of obtention 
Frequency Percent Valid Percent 
Cumulative 
Percent 
Purchasing 172 45.0 49.6 49.6 
Collecting 154 40.3 44.4 93.9 
Purchasing and Collecting 21 5.5 6.1 100.0 
Total 347 90.8 100.0  
Missing                non-user 35 9.2   
Total 382 100.0   
 
 
Figure 4.8. Frequency of households obtaining firewood grouped by administrative 
units in El Salam locality. 
 
Households which collect firewood walk an average distance of 2.27 
Kilometer (S.D ± 4.3) from home and make, on average, 7 trips per month 
(S.D ± 8.3). In each trip, an average of 1.7 hours (S.D ± 1.3) is spent every 
time in collection. Considering variation between administrative units, 
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collectors in El- Fula walk significantly longer distances (average of 3.67 
Kilometer) than in the other three units (average of 1.77 Kilometer) 
(Figures 4.9, 4.10).   
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Figure 4.9. Frequency of households spending different periods in firewood 
collection in El Salam locality. 
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Figure 4.10. Mean distance walked by households in firewood collection, grouped 
by administrative units, in El Salam Locality 
 
Collection is made mostly from forests where 94% of collectors collect 
from this source, the rest collect from private farms. Firewood is mostly 
collected by head of households (42.8%). Spouse, mostly wives, comprises 
37% while children engaged in this activity comprise 14%. The rest of 
collectors are combination of husbands and wives (Figure 4.11). 
 
Of respondents using Charcoal, 79% purchase it ready made, 18.9% 
manufacture it out of firewood while the rest both purchase and 
manufacture (Table 4.5). 
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Figure 4.11. Frequency of household’s members engaged in firewood collection in 
El Salam Locality 
 
Table 4.5: Frequency of respondents purchasing or manufacturing charcoal in El 
Salam Locality 
Method of obtention    Frequency Percent Valid Percent Cumulative Percent 
Purchase 255 66.8 79.2 79.2 
manufacture 61 16.0 18.9 98.1 
 Purchase and manufacturing 6 1.6 1.9 100.0 
 Total 322 84.3 100.0   
  Missing                Non-user 60 15.7     
Total 382 100.0     
 
4.4 Energy use in household cooking 
The majority of the households (56.8%) use firewood and charcoal together 
in cooking. Firewood alone is used by 17% and firewood, charcoal and 
LPG by 14.4%. Charcoal alone is used by 1.6% while LPG alone is used 
by only 0.3%. The rest use a variety of options as detailed in Table 4.6. 
Comparison of administrative units in the locality regarding types of fuel 
used in cooking, χ2 test reveals that there is a significant relation between 
administration units and type (or combination) of fuels used by households 
in cooking.   Most households using only firewood are from Kejaira and 
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El-Teboon units. Most households using firewood and charcoal together 
are in El-Teboon, El-Fula and Kejaira and least in Babanosa. Firewood and 
charcoal is mostly combined with LPG in Babanosa. The introduction of 
LPG is mostly observed in Babanosa and to some extent in El- Fula (Table 
4.6). 
 
The relationship between the type of fuel used in cooking and type of 
house building material is shown through the significant χ2 test. It has been 
shown that 95% of households using firewood have their all rooms in the 
house constructed of straw only. Over 80% of households using charcoal 
only do not have rooms constructed of straw. All respondents using only 
LPG in cooking do not construct rooms of straw. The introduction of a 
second type of energy changes the picture as follows. The addition of 
charcoal to firewood results in more households having rooms constructed 
of non-straw material and less households having rooms constructed of 
straw rooms. 
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Table 4.6. Frequency of households using fuel types in cooking distributed by 
administration units 
% within Administration unit  
Administration unit 
Type of energy used 
El- Fula Kejara Babanoa ElTeboon 
Total 
  
Firewood 7.8% 34.8% 1.7% 30.0% 17.0%
Charcoal  .9% 4.3%  1.6% 
LPG   .9%  .3% 
Firewood and Charcoal 63.7% 60.9% 41.7% 68.0% 56.8%
Firewood, Charcoal, and LPG 15.7% 3.5% 29.6% 2.0% 14.4%
Charcoal and LPG 10.8%  13.0%  6.8% 
Charcoal, Electricity and LPG   2.6%  .8% 
Firewood and LPG 1.0%  1.7%  .8% 
Firewood, Charcoal, LPG and 
Gasoil   1.7%  .5% 
Firewood, Charcoal, LPG and 
Kerosene   .9%  .3% 
Firewood, Charcoal, and Electricity   .9%  .3% 
Firewood, charcoal LPG kerosene 
gasoil and plant residues   .9%  .3% 
Firewood, Charcoal and Plant 
residues 1.0%    .3% 
Total 100% 100% 100% 100 % 100% 
 
Fuel type used seems to be related to the type of construction material of 
which household rooms are made. That is to say while using firewood  is 
related to rooms constructed of non-straw material, using charcoal and 
LPG are associated with rooms made of material other than only straw 
(Table 4.7) 
 
Education level of head of household is also related to type of fuel used by 
the household. Almost half of households using only firewood are illiterate. 
On the other hand all of those using only LPG are university graduates, half 
of households using only charcoal have basic school education. High 
school graduates seemed to use more varied types of fuel (Table 4.8).   
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4.5 Consumption of fuel in household cooking 
Mean annual household consumption of firewood in cooking is found to be 
2.03 TOE (S.D. ± 1.9), while that of charcoal and LPG is 0.33 TOE (S.D. ± 
o.28), 27.65 (S.D. ± 63.58), respectively. 
 
Grouping consumption levels of firewood by administration units reveals 
that Babanosa is significantly of least consumption level (1.19 TOE), 
followed by El Fula and El- Teboon (average of 2 TOE), while Kejaira is 
of the highest average consumption level of 2.9 TOE. As for charcoal the 
highest consumption is in Kejaira (average 0.46 TOE) followed by El Fula 
(0.44 TOE) and El Teboon and Babanosa at the last group (average of 
0.34). LPG quantity is highest in Babanosa (67.75 TOE), followed by El 
Fula (22.44 TOE) and in the last group El Teboon and Kejaira (average of 
3.3 TOE) (Figures 4. 12- 4.14). 
 
Table 4.7. Frequency of households associated with room construction material 
and type of cooking energy in El Salam Locality 
% within Type of energy used for cooking  
Type of energy house  rooms made of Total 
 no straw 
straw 
only 
Straw and 
other material  
Firewood 2.6% 94.9% 2.6% 100% 
Charcoal 80.0%  20.0% 100% 
LPG 100.0%   100% 
Firewood and Charcoal 19.5% 65.6% 14.9% 100% 
Firewood, Charcoal, and LPG 59.6% 10.6% 29.8% 100% 
Charcoal and LPG 84.0% 12.0% 4.0% 100% 
Charcoal, Electricity and LPG 100.0%   100% 
Firewood and LPG 66.7% 33.3%  100% 
Firewood, Charcoal, LPG and Gasoil 100.0%   100% 
Firewood, Charcoal, LPG and Kerosene   100.0% 100% 
Firewood, Charcoal, and Electricity 100.0%   100% 
Firewood, charcoal LPG kerosene 
gasoil and plant residues 100.0%   100% 
Firewood, Charcoal and Plant residues  100.%  100% 
Total 33 % 52.5% 14.5% 100% 
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Table 4.8. Frequency of households using different energy type for cooking, 
grouped by level of education, in El Salam Locality 
%within energy type 
 education level of head of household Type of energy 
 1 2 3 4 5 6 
Firewood 47.7 15.4 27.7 7.7  1.5 
Charcoal   50.0 16.7 33.3  
LPG     100  
Firewood and Charcoal 29.5 16.1 30.4 18.4 5.1 .5 
Firewood, Charcoal, and LPG 1.8 5.5 30.9 30.9 27.3 
Charcoal and LPG   23.1 50.0 26.9  
Charcoal, Electricity and LPG   100.0    
Firewood and LPG 33.3   33.3 33.3  
Firewood, Charcoal, LPG and Gasoil    100   
Firewood, Charcoal, LPG and Kerosene    100   
Firewood, Charcoal, and Electricity    100   
Firewood, charcoal LPG kerosene gasoil 
and plant residues     100  
Firewood, Charcoal and Plant residues 100      
Total 25.7 12.6 29.6% 21.2 9.9 1.0 
Note: 1= illiterate, 2= Khalwa, 3= basic school, 4= high school, 5=university,  
6= postgraduate 
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Note: different letters indicate statistically different means at the 0.05 level according to Duncan’s test 
Figure 4.12. Mean annual household consumption of firewood in cooking grouped 
by administration units in El Salam locality 
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Note: different letters indicate statistically different means at the 0.05 level according to Duncan’s test 
Figure 4.13. Mean annual household consumption of charcoal in cooking grouped 
by administration units in El Salam locality 
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Note: different letters indicate statistically different means at the 0.05 level according to Duncan’s test 
Figure 4.14. Mean annual household consumption of LPG in cooking grouped by 
administration units in El Salam locality 
 
The education level of the head of households makes a difference in the 
quantity consumed of Firewood and LPG, but not to that of charcoal. It was 
interesting to find out that the education level of the first wife makes a 
difference in quantity consumed for both firewood and LPG especially for 
the two illiterate and university levels, in the case of firewood and for the 
illiterate and high school levels in the case of LPG. The difference was not 
determined for the other levels (Figure 4.15 through 4.18). 
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Figure 4.15. Mean annual household consumption of firewood in cooking grouped 
by education level of head of household in El Salam locality 
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Figure 4.16. Mean annual household consumption of firewood in cooking grouped 
by education level of first wife in El Salam locality 
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Figure 4.17. Mean annual household consumption of LPG in cooking grouped by 
education level of head of household in El Salam locality 
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Figure 4.18. Mean annual household consumption of LPG in cooking grouped by 
education level of first wife in El Salam locality 
 
Most households (61.8%) cook 3 meals a day, 37.2% cook 2 meals while 
the rest cook one meal a day. Number of meals cooked doesn’t affect the 
mean quantity consumed of firewood or LPG. As for charcoal it is found 
that there is no significant difference in the case of cooking 2 and three 
meals (average quantity of 0.32 TOE), however households consume more 
when they cook one meal rather than 2 or 3 meals (0.89 TOE compared to 
0.32 TOE).   
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Table 4.9. Frequency of households using different stoves type for cooking, using 
firewood in El Salam Locality 
Type of stove Frequency percent Valid percent 
Cumulative 
Percent 
Thin pancake stove and 3-stones stove 130 34.0 37.4 37.4 
Traditional Stove and thin pancake stove 
and 3-stones stove 72 18.8 20.7 58.0 
Traditional Stove and 3-stones stove 63 16.5 18.1 76.1 
3-stones stove 50 13.1 14.4 90.5 
Traditional Stove and thin pancake stove 14 3.7 4.0 94.5 
Traditional Stove 5 1.3 1.4 96.0 
Traditional Stove, Improve Stove and 3-
stones stove 5 1.3 1.4 97.4 
Improve Stove 2 .5 .6 98.0 
Traditional Stove, Improve Stove and thin 
pancake stove 2 .5 .6 98.6 
Improve Stove and 3-stones stove 2 .5 .6 99.1 
Improve Stove, thin pancake stove and 3-
stones stove 2 .5 .6 99.7 
Traditional Stove, Improve Stove, thin 
pancake stove and 3-stones stove 1 .3 .3 100.0 
Total 348 91.1 100   
Missing         firewood non-user  34 8.9    
Total 382 100    
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Households use different kinds of stoves with different kinds of fuel. With 
firewood, 96% of households use 3- stones stove, thin pancake (kisra) 
stove. (saj) and traditional stoves either alone or in combination. Improved 
stoves are used by a minority of households. Charcoal users use traditional 
stove and thin pancake (kisra) stove (saj). It is noted that improved stoves 
are used by very few households. On the other hand, LPG users use mainly 
locally made LPG stove and modern imported stove (Table 4.9 above 
through 4.11). 
 
Table 4.10. Frequency of households using different stoves type for cooking, using 
charcoal in El Salam Locality 
Type of stove Frequency percent Valid Percent 
Cumulative 
Percent 
Traditional Stove 218 57.1 71.9 71.9 
Traditional Stove and Thin pancake 
stove 47 12.3 15.5 87.5 
Traditional Stove and Improved Stove 19 5.0 6.3 93.7 
Improved Stove 9 2.4 3.0 96.7 
Traditional Stove, Improved Stove and 
Thin pancake stove 7 1.8 2.3 99.0 
Improved Stove and Thin pancake stove 3 .8 1.0 100.0 
Total 303 79.3 100.0  
Missing              charcoal non user 79 20.7   
Total 382 100   
 
Table 4.11. Frequency of households using different stoves type for cooking, using 
LPG in El Salam Locality 
Type of stove Frequency Percent Valid % Cumulative Percent 
LPG local Stove 48 12.6 56.5 56.5 
Imported modern stove 35 9.2 41.2 97.6 
Imported modern and LPG local 1 .3 1.2 98.8 
LPG Thin pancake stove and LPG 
Stove 1 .3 1.2 100.0 
 Total 85 22.3 100.0  
Missing       LPG non-user 297 77.7    
Total  382 100.0    
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Type of food cooked using different kinds of stoves has also been 
considered. The quantity consumed of firewood, charcoal or LPG using 
different stoves is not affected by the type of food cooked. It was 
interesting to find out that stoves used, whether improved or no, has no 
significant effect on the annual quantity of firewood or charcoal consumed 
by the average household.  
 
4.6 Fuel prices facing households  
Table 4.12 compares market fuel prices facing households. Mean firewood 
price is 0.01 SDG/TOE; mean charcoal price is 0.25 SDG/TOE while LPG 
price is 2.37 SDG/TOE. It is obvious that for those who do not collect 
firewood, it is still the cheapest fuel. 
 
Table 4.12. Mean fuel price facing households in El Salam locality 
Frequency of 
households 
Type of fuel Mean Price  
(SDG/TOE) 
count % 
Free of charge 191 44.8 
Missing (Non-user) 12 3.1 Firewood 
0.01 171 50 
Free of charge 63 16.5 
Missing (Non-user) 56 14.7 Charcoal 
0.25 252 66 
Missing (Non-user) 289 75.7 LPG 2.37 75 19.6 
 
 
4.7 Energy consumption models 
The following equations represent fuel consumption functions. Figures 
below coefficients, between parentheses, represent significance levels of 
the coefficients. R2 is the coefficient of multiple correlations; F is the F-test. 
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4.7.1 Firewood consumption model 
Equation (1) below represents a consumption function for firewood 
Qfr = 2.470  + 0.109 Fs  -26.6Pfr + 0.567log Afr   - 0.582Log EDh (1)      
 (0.000) (0.000) (0.000) (0.037) (0.001)  
 R2  = 0.25  F = 19.788 
 
  
The estimated model show that the quantity of firewood consumed by 
households in El-Salam Locality is a function of family size (Fs), firewood 
price (Pfr), charcoal availability, measured in terms of the distance walked 
to obtain the fuel, (Afr), and education level of head of household (EDh) . 
Increase of family size by one more member increases firewood 
consumption by 0.109 TOE. Change in firewood price by one SDG will 
change firewood consumption by 26.6 TOE in the opposite direction. 
Improvement by 1% in charcoal availability (measured by decreasing 
distance of selling point) will reduce firewood consumption by 0.567 TOE. 
As education level of the head of household improves by one level (e.g 
from illiterate to khalwa, or from basic to secondary) this will reduce 
firewood consumption by 0.582 TOE. 
 
All regressors are highly significant. R2 is 25% indicating that the 
variations in the regressors explain 25% of the variation in consumption. 
Despite the rather low R2, the present model is the best fitted given the data 
used. The rather low R2 indicates that, although the factors included in the 
model are relevant, other unknown factors are omitted. It might also be the 
case that there are numerous factors of minute individual effects that 
together can make a difference to R2. It is also possible that other more 
forms could have been more suitable.     
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4.7.2 Charcoal consumption model 
Equation (2) below represents consumption function for charcoal 
Qchr = 1.109   -1.917pChr  + 0.065pLpg - 0.085 logY +0.186 log Fs  (2) 
 (0.00) (0.001) (0.336) (0.054)         (0.006)  
 R2  =  0.31  F = 7.804   
 
The estimated model show that the quantity of charcoal consumed by 
households in El-Salam Locality is a function of charcoal price (pChr), LPG 
price (pLpg), household income (Y), and family size (Fs). Change in 
charcoal price by one SDG will change charcoal consumption by 1.91 
TOE, in the opposite direction. Change in LPG price by one SDG changes 
charcoal consumption by 0.065 TOE. Change in household income by one 
percent changes charcoal consumption by 0.085 TOE in the opposite 
direction. Increase of family size by one more member increases charcoal 
consumption by 0.186l TOE.  
 
All regressors are highly significant, except that of LPG price. R2 is 31% 
indicating that the variations in the regressors explain 31% of the variation 
in consumption. Although the coefficient of the LPG price is not significant 
(significance level higher than 0.05) , We kept this regressor in the model 
because the sign is correct and agrees with economic theory, more over its 
omission  does not improves the model considerably (Wonnacott & 
Wonnacott, 1979). On the other hand the negative sign of the income 
coefficient indicates that charcoal is an inferior fuel that can be replaced by 
better fuels. R2 is 31% indicating that the variations in the regressors 
explain 31% of the variation in consumption. Mekki (1984) found a similar 
result where the family income is negatively correlated with the quantities 
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of the traditional fuel used and positively correlated to that of commercial 
fuel used. 
 
4.7.3 LPG consumption model 
Equation (3) below represents consumption function for LPG 
QLpg = 7.05 EDistw + 2.966Y 11.04RU - 30.53Rstraw             (3)            
 (006) (0.000) (0.016) (0.000)  
    R2 = 0.38   F= 53  
 
The estimated model show that the quantity of LPG consumed by 
households in El-El-Salam Locality is a function of education level of the 
first wife (EDistw), household income (Y), and a dummy variable for room 
construction material (if all rooms are of straw, the variable = 1, else = 0). 
Improvement in the education level of the first wife by one level increases 
LPG consumption by 7 TOE. Increasing income by one Sudanese Ginaih, 
increases LPG consumption by 2.96 TOE, other things being equal. 
Moving households from rural to urban areas increases consumption by 11 
TOE. Houses in which there is no room made of material other than straw 
(bricks and mud, mainly) decreases their consumption of LPG by 30 TOE 
compared to other houses. 
 
All regressors are highly significant. R2 is 38% indicating that the 
variations in the regressors explain 38% of the variation in consumption.  
All signs agree with economic theory. 
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CHAPTER FIVE 
 
DISCUSSION 
 
5.1 Type of fuel 
Fuel consumption by households is affected by several socioeconomic 
factors. In this study, different issues were considered to reflect the general 
characteristics of households that may have relation to energy 
consumption. These characteristics include urbanization, family size, 
education level, age, income, type of house construction…etc. 
  
As El Salam locality is comprised of both urban and rural areas, it was 
expected that the pattern of energy consumption would vary accordingly. 
Urbanization was also related to the education level of household members 
which is, in turn related to household income.   
The most important use of energy for households is cooking, although 
energy is also used for ironing cloth and lighting. In cooking, firewood and 
charcoal are used together by the majority of the households. However, in 
general terms, rural areas in El Salam tend to use the more primitive (or 
inferior) type of energy, while as the areas are more urbanized, modern fuel 
types tend to be introduced. It is interesting to note that the introduction of 
the more improved fuel is rarely a complete replacement for the inferior 
ones. While charcoal is introduced, firewood is still used by most of 
households, perhaps for certain types of stoves that are used for specific 
type of food. For example the 3-stones stove (ladaya) is used for thin 
pancake making (kisra) while traditional stoves are used for cooking broth 
where charcoal is used.  
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Firewood use is related to a number of socioeconomic factors. In the rural 
areas of the locality, firewood only (households use no other fuel) is used 
mainly by rural areas. This is due to the fact that rural inhabitants can 
collect it free of charge mainly from state forests as they have legal or 
customary rights. Fewer consumers in the locality gather it from their own 
farms. When trees are plentiful and easily accessible, only dead wood is 
collected (Cernea, 1990). However, when this is not the case, a lot of 
damage will happen to the forest. 
 
Gathering of free firewood is an important daily activity that is shared by 
all members of the households, although they mainly depend on heads of 
households or their spouse for obtaining this fuel. This is logical as this 
activity is usually done as part of other activities, for example on returning 
home from the farm or other jobs. As in other areas of the developing 
world, engagement of all members of the household in gathering may 
indicate a relative scarcity of firewood (U.S Agency, 1988). As population 
pressure increase the extra demand will normally be met by widening the 
area over which fire wood collection takes place. Problems begin to 
aggravate when time required and distance walked becomes an 
unacceptable burden (Carney 1998). In El Salam locality gatherers walk as 
far as 2 kilometers on average and spend about half an hour daily in the act 
of gathering. Such effort and time is of course a cost that is not usually 
computed in monetary terms. For example this could be computed in the 
terms of opportunity cost of effort and time in alternative income 
generating activities. 
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Although a sizable number of households in rural areas collect firewood 
free of charge compared to urban areas (specially Babanosa), the 
percentage of those purchasing firewood is higher in all administrative 
units whether urban or rural.  This supports what has been stated above 
about the difficulty of getting freely collected wood and also indicates that 
it is relatively cheaper to buy firewood than collect it or use alternative 
fuels. This is especially correct in the case of charcoal and LPG where LPG 
is the most expensive fuel per unit (because of the high transportation cost) 
followed by charcoal and firewood is the least expensive. This is contrary 
to other urban areas in the country where LPG is the cheapest fuel. Other 
factors may relate to the availability of the fuel itself. In the absence of 
infra structure (storage chambers) and reasonable level of demand for LPG, 
it becomes uneconomical to supply LPG to these areas. This has also been 
stressed by Hasab Elrasoul (1999) that petroleum fuel is not conveniently 
available in the rural areas. 
 
The relation between the type of fuel used and type of rooms in a 
household is rather strong. It was found that firewood is associated with 
houses having all their room built out of straw.  For the majority of 
households the introduction of charcoal or LPG is rather strongly 
associated with having rooms in the house built of material other than 
straw. This is probably due to the fact that firewood can be lit outside the 
room while LPG is not. The risk of fire breakout is higher when houses are 
made of straw, but generally people tend to be risk averse in using LPG 
devices in all circumstances.  
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The education level of the head of household is related to the type of fuel 
used. In general terms, lower levels of education are associated to the more 
inferior types of fuel, and vise versa. This might also be related to the 
income level as education is closely related to income. As urban areas are 
relatively well-off and have better access to education services they are 
also associated to more modern types of fuel. 
  
5. 2 Level of consumption 
The levels of consumption of fuels by households were studied using 
techniques of association, means separation and regression. 
On average, LPG represents the highest quantities of fuel (27.6 TOE) (see 
Table 4.6) used by households, followed by firewood while charcoal is of 
lowest quantity (0.33 TOE). However, the distribution of these quantities 
among administrative units reveals that the quantities are related to 
urbanization level. The more the area is urbanized the less fire wood or 
charcoal amount is consumed, and vice versa.  The opposite is true for 
LPG, where the high amounts of consumption are related to urban 
(Babanosa mainly) and the low consumption amounts is related to the rural 
areas. Areas falling between the two categories (that is moderately rural or 
urban) are characterized by relatively moderate amounts of consumption. 
This distribution is probably related to the finding that in the average case 
fuels are used in combination and are replaced by modern fuels as the area 
becomes more urbanized.  In the most urbanized areas only LPG is used, 
signifying high amounts of LPG, while in other less urbanized areas lower 
quantities of LPG are used due to the partial replacement by other fuels. 
This can also be said for the case of the other two fuels. Mekki (1984) 
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stated that urbanization and geographical location were found to affect 
significantly the level and consumption of energy. 
 
The education level of the head of household and the first wife affects the 
level of fuel consumption variably. In general the more educated is the 
head of household the less firewood and more LPG is consumed, 
suggesting  that either firewood is being used more efficiently or that 
firewood is being substituted for better fuels, namely LPG. In the case of 
the first wife her education and income apparently leads to shifting from 
inferior fuels to superior ones, other things being equal. This is especially 
true as, generally speaking, the first wife is the most powerful and controls 
the household decisions related to household management. Negligence of 
women roles in this regard has many programs aiming to increase supply of 
fuel wood to fail (FAO, 1995). 
 
It is normally expected that more meals means more fuel consumed. 
However, this was not the case for firewood or charcoal where no variation 
is observed in the quantity used whether one, two or three meals are 
cooked.  This can be explained if all meals are cooked together using the 
same fire. In other words fire is lit once but the food is distributed into a 
number of meals. If this is true then households are using fuel in an 
efficient way with least waste.  On the other hand it can be speculated that 
the opposite is true. Households use the same amount of fuel whether they 
are cooking a single meal or more than that. Fire is lit and left there even if 
an additional amount of food is not cooked.  Hurts (1990) argue that forced 
by lack of cash, poor consumers use less efficient cooking appliances. 
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As for charcoal, it is rather strange to find out that, on average, cooking one 
meal consumes more fuel than cooking 2 or three meals. This can only be 
explained in the context of the opinion that those cooking one meal dose 
not mean they are eating one meal but it means cooking once a day for a 
number of meals. 
  
Type of food cooked or type of stove (whether improved or not) has no 
effect on the quantity of fuel consumed. Given the fact that improved 
stoves has been introduced effectively in 2007, It can be postulated that 
households are not yet familiar with how to use them or these stoves are 
not working properly. More importantly, improved stoves are used by a 
very small percentage of El Salam Locality.  In this regard, FAO (1996) 
stated that in rural areas simple and inefficient poor quality stoves prevail. 
The problem of using inefficient stoves is not only important with regard to 
wood waste abut also with regard to women health.  Indoor air pollution 
due to inefficient stove use is recognized as significant cause of poverty- 
related death in the world (ITDG, 2002). This leaves a great room for 
improvement in this regard. 
 
5.3 Factors affecting shift among fuels 
The consumption function models revealed that consumption of firewood 
is mostly affected by the education level of the household and the 
availability of the alternative fuel within reasonable reach. The price of 
firewood and the family size have significant but less important effect. The 
education level is related to the income level of the household which means 
with higher income people will consume less of firewood and more of 
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other superior fuels. Mekki (1984) has also found that the source of income 
have significant effect on the composition and level of fuel consumption.  
 
Although firewood is available free for part of the population in the 
locality, still its low price relative to other fuels encourages households to 
consume more of it. The availability of charcoal within reasonable reach 
would encourage households to consume less of firewood and more of 
charcoal. This is further supported by the effect of the charcoal price, as its 
relatively lower price would encourage households to shift to charcoal.  
 
The consumption of charcoal is affected by income, the family size and 
LPG price. A shift from charcoal to LPG is discouraged by the relatively 
high cost of LPG. The high cost is mainly due to the transportation cost 
from production sites to consumption sites and the unavailability of storage 
chambers. More over, LPG is transported in bulky cylinders for long 
distances. The most important factor in LPG consumption is whether all 
rooms of the house are made of straw or not. When a house has all the 
rooms made of straw this decreases consumption by one third. This is 
because a kitchen built of straw can not accommodate LPG fuel due to fire 
outbreak risk, and LPG devises cannot be used in the yard out side the 
rooms. Education of the first wife is the second most important factor. 
Given the fact that the education of the first wife improves her income 
status and therefore encourages her to use better fuels, the first wife is 
expected to have more power in decisions related to household 
management than the other members of the households. Education will 
even strengthen this power, other things being equal. 
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Whether the household is in the urban or rural areas are the third most 
important factor, this reflects the availability of the fuel itself. It is expected 
that in the bigger urban areas there are better facilities and more LPG users 
which encourages the transportation of the fuel through long distances. It is 
expected that the shift to modern fuels is faster in urban than in rural areas. 
FAO (1983), depending on the result of a similar study projected that an 
overall decrease of 5% in the consumption of biofuels will occur by the 
year 2000. Despite the improvement in LPG supply, the low figure is due 
to slow shift from biofuels in the rural area. 
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CHAPER SIX 
CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 CONCLUSIONS 
1. The type of fuel chosen by a household is affected by many factors. 
These factors relate to education, income, type of house construction 
material and relative cost of the fuel.  
2. Changing in any of these factors will probably cause a shift to a 
different type of fuel or a new combination of fuels. Projection of 
changing factors may help in better planning. 
3.  Consumption of different fuels is affected by different factors to 
different extents. The shift from an inferior fuel to a superior one is 
affected by education level and the relative prices of the fuels.  The 
shift to LPG is hampered by the fact that most households use straw 
only as the house construction material. Income is a negative factor 
in the case of charcoal, but a positive factor in the case of LPG. 
Although the price of firewood is still a positive factor in firewood 
consumption, the income level has no effect in this case. 
 
6.2 RECOMMEDATIONS 
a) It is recommended that any policy concerning fuel consumption be 
taken with due regard to the effects that socioeconomic factors 
that have impact on the consumption of any of the fuels.  
b) Planning to shift from fire wood or biofuels in general, to 
petroleum fuels needs consideration of the factors found to affect 
the type and level of consumption. The material of house 
construction and the high cost of LPG are important to consider. 
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c) The study of gender roles when planning for fuel polices is 
important specially when considering increasing a certain fuel 
supply or encouraging a shift to another fuel.  
d) Planning for satisfying demands for energy should consider 
encouraging efficient use of biofuels and should also consider the 
unmonitized high cost of obtaining biofuels by households 
particularly in the rural areas. 
e)  Extension programms for the use of improved stoves should be 
implemented in the rural areas. 
f) This high reliance on woody vegetation for the provision of 
firewood and charcoal impose a real challenge for the stocking 
density of tree cover in the study area.  Attempts should consider 
programs that enhance adoption of energy substitutes.  Moreover, 
assessment of charcoal and firewood demand will enhance the 
management of the reserved and natural forests in the study area.  
g) Establishment of mourada (Zariba) would reduce pressure on the 
woody vegetation in the study area, and on the other hand will 
save time of fuelwood collection by the local inhabitants, 
particularly if prices of fuelwood are reasonable and affordable to 
the local communities.  Accordingly, establishment of Zariba 
(market place) could be considered as one of the main challenge 
for the management of the forest resources on a sustainable 
manner. 
h) Regarding forest management on sustainable basis, there is an 
urgent need for effective extension units in the study area for the 
sake of raising ecological awareness and mobilization of local 
communities to adopt energy substitutes in the study area. 
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i) Forest authorities in the study area should tackle the issue of 
energy substitutes since the cost is insignificantly different from 
direct collection of fuelwood in terms of time spent in collection 
and distance travel for fuelwood collection.  This could be 
guarantee through enhancing adoption of energy substitutes and 
make it affordable to local communities through applying the 
agenda of incentives like provision of devices and cylinders at low 
prices or through reasonable installments. 
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Appendices 
 
 
Appendix (1) Questionnaire 
 
Socio-economic survey on household fuel consumption – El-Salam Locality- 
Southern Kordofan State 2007  
Basic data: 
1- Administration unit……………….. 
2- Town/village………………………. 
3- Name of respondent………………………………. 
4- Age of respondent………………………………… 
5- Personal characteristics: 
5/1 Gender of respondent: 
(1)  Male………..        (2) Female…………….. 
5/2 Respondent position in household: 
1- Head of household………   2- Wife (if not a head of hh)…………… 
2- Other person in hh (determine)………….. 
5/3 household size including head of hh……… adults above 16 
years………….Children’s………….. 
5/4 Education level: 
Ser 
no 
Name Age Gender:  
1-Male  
2- Female 
Education level :( 1) Illiterate 
(2) Khalwa (3) Basic (4) High 
(5) University (6) Post 
graduate 
Occupation: (1) Farmer  
(2) Merchant  
(3) Government Employee 
(4) Labor (5) Business  
(6) Pastoralist …….  
(7) Others…….  
1- Headof 
hh 
    
2-      
3-      
4-      
5-      
6-      
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6- Type of house: 
1-Red Bricks (   ) 2- Mud (   )           3- Straw (  ) 4Others… 
(  ) 
No of Rooms No of Rooms No of Gottias No of Dordors  
1 2 3 1 2 3 1 2 3 1 2 3  
(    ) (    ) (    ) (    ) (    ) (    ) (    ) (    ) (    ) (    ) (    ) (    )  
 
7/ House Ownership: 
1- Owner (   ) 2- Rent (   )     3- Gift (   )    4- Others…… (   ) 
8/1 Main income Source………….Secondary income Source (if 
found)………….. 
8/2 Share of other members in household income: 
 
Share in Sudan (SDG) Ser no  Name 
Main 
income 
source 
Secondary 
income 
source 
Remittance from 
abroad share in 
main income 
(SDG) 
1-     
2-     
3-     
 
9/ Energy use: 
9/1 Type of fuel uses other than cooking: 
 
Type of fuel Uses other than cooking 
1- Firewood     
2- Charcoal      
3- Electricity     
4- LPG     
5- Kerosene     
6- Gasoil     
7- Others 
(Residues………etc) 
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9/2 Energy use for cooking: 
How to 
obtain 
The place Distance 
from the 
house (KLM) 
Time spent 
in 
collection 
(hours) 
Type of trees 
use as energy 
source 
Type of fuel use 
1- Purchase 
2- collection 
1- Forest 
2- market 
3- farms 
   
1- Firewood      
2- Charcoal       
3- Electricity      
4- LPG      
5- Kerosene      
6- Gasoil      
7- Others 
(Residues………
etc) 
     
 
10/ whose gather firewood? 
1- Head of hh (   )   2- Wives (   )   3- Son or Daughter, age……. (   )  
4- Other person in hh……. (   )  
11/No of frequency collecting (trips) per month (Bundles)…………. 
12/Quantity collected per trip (Bundles)……………. 
13/ No of Meals per day: 
1- One time (   )   2- Tow times (   )   3- Three times (   ) 4- More than three times (   )  
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14/Monthly consumption of energy use for cooking: 
 
Prices and units of energy quantities purchased or collected and consumption of types of fuel 
used 
Firewood Charcoa
l 
Electrici
ty 
LPG Kerosen
e 
Gasoil Residues…
…etc. 
Moth 
QP Q
C
U P Q
P
Q
C
U P Q
P
Q
C
U P Q
P
Q
C
U P Q
P
Q
C
U P Q
P 
Q
C
U P Q
P
Q
C
U P 
January                             
February                             
March                             
April                              
May                             
June                              
July                              
August                             
September                             
October                             
November                              
December                             
Total                             
  (QP) Quantity purchased or collected (QC) Quantity consumed (U) Unit (P) unit price 
(SDG) 2007. 
  
15/ Cooking apparatus used and types of food cooked: 
15/1 Firewood: 
Fill the table; put the numbers between the brackets (use the apparatus for more than 
one food) 
Cooking apparatus used 
1. Traditional stove 2. 
Improve stove 3.Ladaya  
4. Others…… 
Purchased 
year  
Price 
(SDG) 
Type of food cooked by 
apparatus: 1. Kesra 2. Aseeda 
3.Tabeekh 4.Cack 5.Drinks  
6. Others….. 
(    )   (   )   (   )   (   )   (   )   (   )   (   )  
(    )   (   )   (   )   (   )   (   )   (   )   (   ) 
(    )   (   )   (   )   (   )   (   )   (   )   (   ) 
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15/2 charcoal 
Fill the table; put the numbers between the brackets (use the apparatus for more than 
one food) 
Cooking apparatus used
1. Traditional stove 
2. Improve stove 
3.Others……
Purchased year Price 
(SDG)
Type of food cooked by 
apparatus:
1. Kesra 2. Aseeda 3. Tabeekh 
4. Cake
 5. Egypt groundnuts 6. Drinks 
7. Others…..
(    )   (   )   (   )   (   )   (   )   (   )   (   ) 
(    )   (   )   (   )   (   )   (   )   (   )   (   ) 
(    )   (   )   (   )   (   )   (   )   (   )   (   ) 
 
15/3 electricity 
Fill the table; put the numbers between the brackets (use the apparatus for more than 
one food) 
Cooking apparatus used
1. Electricity stove 
2. Electricity Saj 
3.Electricity Chamber 
4. Boiler
 5. Others…..
Purchased 
year
Price 
(SDG)
Type of food cooked by 
apparatus: 
1. Kesra 2. Aseeda 3. 
Tabeekh 4. Cake 5. Egypt 
groundnuts 6.Drinks  
7. Others…. 
(    )   (   )   (   )  (   )  (   )  (   )   (   ) 
(    )   (   )   (   )  (   )  (   )  (   )   (   ) 
(    )   (   )   (   )  (   )  (   )  (   )   (   ) 
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15/4 LPG 
Fill the table; put the numbers between the brackets (use the apparatus for more than 
one food) 
Cooking apparatus used
1. Gas stove 
2. Others…..
Type of 
cylinder
Cylinder 
size
Purchas
ed year
Price 
(SDG)
Type of food cooked by 
apparatus: 1. Kesra 2. 
Aseeda 3.Tabeekh 4.Cack 
5.Egypt ground nuts 6. 
Drinks 
7. Others….
(    ) (    )   (   )   (   )   (   ) 
(    ) (    )   (   )   (   )   (   )
(    ) (    )   (   )   (   )   (   )
 
15/5 Kerosene 
Fill the table; put the numbers between the brackets (use the apparatus for more than 
one food) 
Cooking apparatus used
1. Kerosene apparatus 
2. Others…..
Engine size Purchased 
year
Price 
(SDG)
Type of food cooked 
by apparatus 
1. Tabeekh 2.Cack 
3. Egypt groundnuts 
4.Drinks 
5. Others….
(    )
(    )
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15/6 Gasoil 
Fill the table; put the numbers between the brackets (use the apparatus for more than 
one food) 
Cooking apparatus used
1. Gasoil 
apparatus 2. 
Others…..
Type of 
apparatus
Engine 
size
Purchased 
year
Price 
(SDG)
Type of food cooked by 
apparatus: 1.tabeekh 2.Cack 
3.Egypt groundnuts
 4. Drinks 5.Others….
 
15/7 Plant residues 
Fill the table; put the numbers between the brackets (use the apparatus for more than 
one food) 
Cooking apparatus used
1. Traditional 
Stove 
2. Ladaya 
3. Hole 
4. Others….
Purcha
sed 
year
Price 
(SDG)
Type of food cooked by apparatus
Type of food cooked by apparatus: 1. Kesra 
2. Aseeda 3. Tabeekh 4.Drinks5.Others….
(   ) (   )          (   )         (   )        (   )       (   )
(   ) (   )          (   )         (   )        (   )       (   )
 
 
 
